Colorectal tumorigenesis is ascribed to the activity of Wnt signaling pathway in a ligand-independent manner mainly through APC and CTNNB1 gene mutations and in a ligand-dependent manner through low expression of Wnt inhibitors such as WNT inhibitory factor 1 (WIF1) and secreted frizzled related protein 1 (SFRP1). In this study we found that WIF1 protein expression was increased and SFRP1 was decreased significantly in CRC tissue versus normal tissue, and high expression of WIF1 was associated with big tumor diameters and deep invasion, and loss of SFRP1 expression was associated with the left lesion site, deep invasion, and high TNM stage. Among the four expression patterns (WIF+/SFRP1+, WIF+/SFRP1−, WIF−/SFRP1+, and WIF−/SFRP1−) only coexpression of WIF1 and SFRP1 (WIF+/SFRP1+) was associated with favorable overall survival, together with low TNM stage, as an independent prognostic factor as shown in a multivariate survival model. The results indicated that WIF1 seemed to play an oncogenic role, while SFRP1 seemed to play an oncosuppressive role although both of them are secreted Wnt antagonists. Coexpression of SFRP1 and WIF1, rather than SFRP1 or WIF1 alone, could be used, together with low TNM stage, as a prognostic predictor of favorable outcomes in CRC.
Main Text
Colorectal cancer (CRC) is a common malignant tumor worldwide, and the incidence of which has increased rapidly over the past decade. Although various environmental risk factors have been found to play some role in tumorigenesis and the progressive accumulation of genetic and epigenetic alterations has proved to affect the key cellular signaling pathways that drive the transformation and progression of normal colonic epithelial cells to cancer cells, the pathological mechanism at the molecular level remains elusive [1, 2] .
Wnt pathway is a critical regulator in embryonic development and maintenance of gut homeostasis. The transduction of Wnt signals between cells proceeds via a complex series of events, including posttranslational modification and secretion of Wnts, binding to transmembrane receptors, activation of cytoplasmic effectors, and transcriptional regulation of target genes [3, 4] . Aberrant regulation of the Wnt signalling pathway has therefore been suggested to play a role in tumorigenesis [5, 6] , especially in the pathogenesis of CRC [7] . The Wnt pathway can be activated aberrantly not only by mutations in APC but also by CTNNB1 gene encoding bcatenin, leading to ligand-independent Wnt signaling [8, 9] . However, increasing evidence suggests that dysregulation of Wnt signaling by secreted antagonists on the cell surface is also associated with tumorigenesis [10] [11] [12] [13] [14] [15] ; for example, the low expression induced by promoter methylation of 2 BioMed Research International Wnt antagonists genes SFRP1 and WIF1 may induce liganddependent Wnt signaling activity [16] [17] [18] [19] .
Although the aberrant expression of SFRP1 and WIF1 as Wnt inhibitors for both canonical and noncanonical pathways was reported to be involved in the tumorigenesis of CRC, their protein expression patterns, their mutual association, and their correlations with various pathological and molecular features and the prognosis remain unclear. The present study provided the first evidence that SFRP1 and WIF1 were differentially expressed in CRC, and their coexpression, rather than SFRP1 or WIF1 alone, was associated with a favorable prognosis. Table 1 . No patient received chemotherapy or radiotherapy prior to specimen collection. All the pathological sections were reviewed by two pathologists (LC and HL) independently, and the final diagnosis was confirmed by pathology. Clinical characteristics included gross pathology, tumor location, tumor diameter, architectural features of the tumor tissue, WHO classification, grade, invasion, lymph node metastasis, liver metastasis, and stage. The study protocol was approved by the Ethics Committee of the said hospital.
Material and Methods

Immunohistochemistry (IHC) Analysis and Evaluation.
Tissue specimens were embedded in paraffin, sliced into 4 m sections, deparaffinized with xylene, hydrated in serial dilutions of alcohol, and immersed in 3% H 2 O 2 to inhibit endogenous peroxidase activity. Then, the sections were incubated with the primary antibodies (anti-SFRP1 antibody, 1 : 800; Abcam, Cambridge, MA, and anti-WIF1 antibody, 1 : 50; Abcam, Cambridge, MA) overnight at 4 ∘ C, washed with phosphate buffer saline (PBS), and incubated with secondary antibodies and 3,3 -diaminobenzidine (DAB) color reagent (Supervision anti-rabbit detection reagent, Shanghai Long Island Biotec. Co., Shanghai, China). The sections were counterstained with Mayer's hematoxylin, dehydrated, and mounted with Canada balsam. Human lung carcinoma tissue and human breast cancer tissue from the Department of Pathology of Xinhua Hospital were used as positive control for primary antibodies WIF1 and SFRP1, respectively, and those treated with PBS were regarded as negative control.
Immunohistochemical SFRP1 and WIF1 expression was independently analyzed by two pathologists (SZ, JG) without the knowledge of the histopathological data. Cytoplasmic staining of WIF1 was confirmed as positive according to the previous reports [20] [21] [22] and the recommendation of the antibody production company (Abcam, ab71205) and that of SFRP1 was confirmed according to the previous reports [23, 24] and the recommendation of the antibody production company (Abcam, ab4193). The intensity of cytoplasmic staining was scored from 0 to 4+ (0: negative; 1+: weak; 2+: mild; 3+: moderate; and 4+: intense staining). The extent of staining was scored from 0 to 4+ (0: negative; 1+: 0-25%; 2+: 26-50%; 3+: 51-75%; and 4+: 76-100%) according to the percentage of the positively stained area. The product of the intensity and the extent of staining yielded final scores ranging between 0 and 16. Tumors with a final immunoreactivity score (IRS) ≤ 2 were considered as negative (0); 2 < IRS ≤ 4 as weakly positive (1+); 4 < IRS ≤ 9 as moderately positive (2+); and 9 < IRS as strongly positive (3+).
Statistical Analysis of Clinicopathologic Patient Data.
Statistical analyses were completed using SPSS version 15.0 (SPSS, Chicago, IL, USA). Differences were considered statistically significant when < 0.05. The difference of the mean variable between the groups was tested by one-way ANOVA test and the counting variable was tested by Chi-square test. The correlation between WIF1 and SFRP1 expression in CRC tissue was tested by Pearson test. Associations with overall survival (OS) were analyzed initially by Kaplan-Meier plots (log-rank test), and then Cox multivariate proportional hazards regression models were used to assess the OS power of these significant parameters.
Results
High Expression of WIF1 and Loss of SFRP1 Protein
Expression in Human CRC Tissue. As shown in Figure 1 , the positive staining of WIF1 and SFRP1 proteins was mainly present in the cytoplasm of epithelial cells of colonic mucosa in normal tissue. Figure 2 . Table 4 , high expression of WIF1 was significantly associated with big tumor diameters and deep invasion, while loss of SFRP1 expression was significantly associated with the left lesion site, deep invasion, and high TNM stage. No other significant association was observed otherwise.
Association of WIF1/SFRP1 Protein Expression with OS in CRC Patients.
The 145 CRC patients were followed up for a median period of 34 (1-107) months, of whom 11 patients were lost to follow-up. Univariate survival analysis was used to assess the impact of clinicopathological characteristics and WIF1 and SFRP1 protein expression on patient survival. As shown in Figure 3 and Table 5 , coexpression of SFRP1 and WIF1 was significantly associated with favorable OS (the median OS was 95 months for WIF1(+)/SFRP1(+) versus 77.1 months for the other patterns). Some pathological features including invasion, lymph metastasis, liver metastasis, and high TNM stage were significantly associated with poor OS. Multivariate survival analysis by inputting significant variants from the univariate survival analysis into the Cox regression model showed that coexpression of SFRP1 and WIF1, together with low TNM stage, was an independent prognostic factor for favorable OS (Table 5 ).
Discussion
It was observed in the current study that WIF1 and SFRP1 proteins had aberrant expression patterns in CRC tissue, with upregulation of WIF1 and downregulation of SFRP1, and that there was a weak negative correlation between them. In addition, high expression of WIF1 was significantly associated with big tumor diameters and deep invasion, while loss of SFRP1 expression was significantly associated with the left lesion site, deep invasion, and high TNM stage, implying that WIF1 and SFRP1 play different roles in the tumorigenesis of CRC, though both of them belong to similar secreted inhibitors of the Wnt pathway. In a normal physiological state, Wnt proteins (a large family of palmitoylated secreted glycoproteins as ligands) activate the Wnt pathway via at least three different pathways by binding to the ligand-receptor: the canonical pathway through Wnt, Fz, LRP5/6, and -catenin; the noncanonical pathway through Wnt, Fz, small GTPase RhoA, and Rac for planar cell polarity; and through Wnt and Fz mediated release of Ca +2 from intracellular stores [25] . There are many different levels of regulation in the Wnt signaling pathway at many different places: outside cells, at the outer surface of the cell membrane, at the inner surface of the cell membrane, in the cytoplasm, and in the nucleus [25] . The primary regulatory phase for Wnt activity is at the cell surface by different transmembrane proteins, and the secretion of Wnt proteins from cells is promoted by Wntless [26] . Once Wnt proteins are secreted from cells, the modification by glycosaminoglycans and lipid modulates their distribution, diffusion, and signal transduction [27] . At the same time, the activation of Wnt signaling is further controlled by the antagonists of two functional families: one is the secreted frizzled-related protein (SFRP) family, including SFRP family, WIF1, and cerberus that can directly bind to Wnt proteins to inhibit the canonical and noncanonical pathways, and the other is the dickkopf family, including the dickkopf proteins that can directly bind to the LRP5/LRP6 component of the Wnt receptor complex, thus specifically inhibiting the canonical pathway [28] . The aberrant activity of the Wnt pathway occurs in several malignancies via multiple genetic mechanisms [29] . Both mutations in beta-catenin interfere with its phosphorylation and degradation, and the loss of functional mutations in APC destabilizes the Axin-APC complex, causing accumulation of beta-catenin protein in the cell nucleus. Such APC mutations occur in about 80% of human CRC, resulting in ligandindependent activation of canonical Wnt signaling associated with the loss of controlled growth and the impairment of cell differentiation. Indeed, these mutations occur in a large proportion of tumors and are thought to cause the downstream signaling independent of upstream signals [30] .
However, the present study addressed a more important issue concerning the Wnt pathway underlying the pathogenic mechanism: whether what happens at the cell surface would influence CRC tumorigenesis. Recently, involvement of upstream signal regulation in CRC has been reported, suggesting that the Wnt signaling pathway may be regulated in a quantitative manner at different levels [31] . For example, the loss of SFRP family expression was associated with promoter hypermethylation in CRC [19, 32] . In addition, the restoration of SFRPs in colon cancer cell lines carrying CTNNB1 or APC mutations resulted in the suppression of Wnt-dependent transcription and a higher rate of apoptosis, while the overexpression of Wnt-1 in CTNNB1 mutant cell lines increased Wnt-dependent transcription [19] , and blocking Wnt-1 signaling induced apoptosis in human CRC cells containing downstream mutations [31] . These reports are in agreement with our data, supporting the idea that activation of the Wnt pathway receptor at the cell surface would enhance propagation of the signal caused by alterations in the mutated components, which would further induce the crosstalk between the tumorigenic canonical and noncanonical JNK signalling pathways [25] . SFRP1 and WIF1 belong to the same class and have a similar function of binding to Wnt proteins to inhibit the canonical Wnt signaling. However, few previous studies have reported the dissimilarity of SFRP1 and WIF1 in CRC tumorigenesis. For the first time, our data demonstrated that the expression patterns of SFRP1 and WIF1 proteins were different in CRC tissue. The loss of SFRP1 expression in CRC tissue as we found in the present study is consistent with the previously proposed opinion that constitutive Wnt signaling may be required to complement downstream mutations in the evolution of CRC [23, 25] . More importantly, the present study first reported the upregulation of WIF1 expression in CRC tissue.
The finding that WIF1 expression was upregulated in CRC tumorigenesis urged us to speculate the molecular pathogenic mechanism. Unlike SFRPs, there is little evidence to support the role of WIF-1 as a tumor suppressor at present. Although some reports showed that both mRNA and protein expressions of WIF1 were downregulated in prostate, breast, lung, and bladder cancers, hypermethylation of CpG islands in the WIF1 promoter region has been observed in some types of cancer [3, 18, 20] , suggesting that loss of WIF1 expression may also contribute to carcinogenesis. On the other hand, several other reports offered a different view about the expression and activity of secreted Wnt antagonists in the tumor setting [33] , saying that the upregulation of WIF-1 expression was detected in colonic adenoma and CRC cell lines, along with the loss of expression of other inhibitors such as SFRPs and Dkk-1 [34] , and that the Drosophila ortholog of WIF-1 facilitated hedgehog diffusion, thus raising the possibility that mammalian WIF-1 may enhance hedgehog activity [35, 36] . Nevertheless, based on this study, we conjectured that upregulation of WIF-1 expression in CRC tissue may depend on other processes independent of Wnt signaling, which seems to be a logical explanation and warrants further study.
Colorectal carcinoma is the second leading cause of cancer death worldwide, causing an average of 50,000 deaths per year. The exploration of the nonanatomic prognostic 7 factors into the current TNM staging system is urgently needed and could improve the understanding of colon cancer on the cellular basis and the role of signaling pathways in CRC tumorigenesis [37, 38] . In this study, we observed that the two similar Wnt secret inhibitors WIF1 and SFRP1 had significantly different expression patterns in CRC tissue and that these different expression patterns were correlated with various clinical pathological subtypes. WIF1 seems to have an oncogenic effect, while SFRP1 seems to have a suppressive effect. More importantly, coexpression of SFRP1 and WIF1, rather than SFRP1 or WIF1 alone, is a prognostic factor predicting a favorable outcome in CRC. These findings suggest that the secreted WNT antagonists may be useful molecular markers for CRC classification and assessment of the therapeutic target. The regulatory mechanisms of the different expression patterns of SFRP1 and WIF1 need to be further investigated.
